Both diet quality and socioeconomic position (SEP) have been linked to age-related cognitive changes, but there is little understanding of how the socioeconomic context of dietary intake may shape its cognitive impact. We examined whether equal adherence to ''prudent'' and ''Western'' dietary patterns, identified by principal components analysis, CI: 0.0094, 0.50). Conversely, adherence to the Western pattern (meats, potatoes, processed foods, and higher-fat dairy products) was associated with more cognitive decline (B: 20.23; 95% CI: 20.43, 20.032) only in those with low educational attainment. In summary, among individuals with equivalent diet quality, the magnitude and characteristics of the diet-cognition relationship depended on their socioeconomic circumstances. These results suggest that interventions promoting retention of cognitive function through improved diet quality would provide maximum benefit to those with relatively low SEP.
Introduction
The impact of global dietary quality on age-related cognitive change is of growing interest to investigators attempting to examine dietary patterns rather than individual foods or nutrients (1) . To date, several prospective studies have related dietary patterns, reflecting high diet quality, to lower rates of cognitive decline and incidence of dementia (2) (3) (4) (5) (6) (7) . Socioeconomic position (SEP)-represented by indicators such as income, education and occupation-is an established determinant of dietary intake such that higher SEP is generally related to better diet quality (8) . Interestingly, SEP is also associated with differences in cognitive function across the life course (9) (10) (11) (12) . Accumulated animal evidence suggests that both diet (13, 14) and conditions simulating SEP (15, 16) modulate neurobiological mechanisms that mediate changes in brain structure and function as a response to these life experiences-a capacity broadly referred to as ''brain plasticity.'' Accordingly, socioeconomic indicators and nutrient biomarkers have also been linked to differences in brain morphology and, in some cases, patterns of activation (17) (18) (19) (20) (21) (22) (23) . The interrelated nature of SEP, diet quality, and cognition increases the risk of substantial confounding of the diet-cognition relationship in which purported dietary impacts may be a proxy for the ''true'' influence of SEP (24) . However, there are suggestions of a more complicated relationship between diet and other aspects of lifestyle as it relates to cognition. Lifestyle behaviors such as diet, physical activity, and social engagement not only cluster together but also exert additive effects on cognitive function such that their combined impact is greater than any behavior separately (25, 26) . Animal studies have found that cognitively stimulating environments, a factor linked to SEP in humans, can augment or mask the behavioral impacts of dietary interventions (27, 28) . In prospective studies the deleterious association of high sodium intake with accelerated cognitive decline (29) and the protective influence of a Mediterranean diet on incidence of Alzheimer disease, at least qualitatively, appear to be dependent on an individualÕs level of physical activity (30) . Collectively, these studies suggest that dietary effects on cognition are dependent on other aspects of an individualÕs lifestyle. Given its potential to influence neurobiological and behavioral outcomes, we hypothesized that SEP may modulate the impact of diet quality on cognitive function. Therefore, the objective of this study was to examine whether equal adherence to ''prudent'' and ''Western'' dietary patterns, identified by principal components analysis, was associated with global cognitive function in older adults with different SEPs.
Participants and Methods
Participants. The NuAge study (Quebec Longitudinal Study on Nutrition and Successful Aging) is a prospective cohort study in independent older adults (aged 68-84 y; n = 1793) randomly selected from the Quebec health insurance registry; the methodology has been described elsewhere (31) . Eligible, community-dwelling seniors were fluent in French or English, able to walk unassisted for 100 m or climb 10 stairs without rest, cognitively unimpaired, and free of disabilities in activities of daily living. Recruitment occurred between December 2003 and April 2005. This analysis is based on the first 3 y of follow-up. The NuAge protocol was approved by research ethics boards at the Institut Universitaire de Gériatrie de Montréal and the Geriatric University Institute of Sherbrooke. All participants provided written informed consent.
Nondietary variables were collected at recruitment during a structured, computer-assisted interview for use as covariates. Self-reported variables included questionnaires measuring current physical activity (32) , social engagement (33), perceived health status (34) , and depressive symptomatology (35) . Standing height and weight, waist circumference, and seated blood pressure were directly measured. The presence of hypertension (self-report, medication, or blood pressure >140/90 mm Hg) and type 2 diabetes (self-report, medication, or fasting plasma glucose concentration $7.0 mmol/L) was determined. Global cognitive function was evaluated annually with the Modified Mini-Mental State Examination (3MS) (36) . Validated French and English versions of all questionnaires were available and administered on the basis of the participantÕs preference.
Individuals were classified as belonging to upper or lower categories of certain socioeconomic indicators. A binary variable was created on the basis of Goyder and FranksÕ (37) scale of occupational prestige by using self-reported National Occupational Classification skill type categories and descriptions of longest serving occupation. Individuals were assigned into upper or lower occupational prestige categories on the basis of a midpoint split of the rank order described by McLaren and Godley (38) . Upper and lower categories of income and educational attainment were created by splitting the sample at the second tertile of income ($44,800) and the median years-of-education (12 y), respectively. Finally, a composite indicator of SEP was created by constructing an additive scale combining participantsÕ income, education, and occupational prestige indicators. This scale ranged from 0 to 3, where 3 denoted better SEP, and was collapsed into 2 categories on the basis of the median score (median = 1).
Diet was assessed at entry by a validated semiquantitative FFQ estimating usual intake of 78 foods or food groups over the previous 12 mo (39) . Exposure to each item was calculated by converting frequency categories to daily servings of a standard portion. For example, the category ''3-5 times per week'' was converted to 0.57 servings/d. Individuals with implausible or incomplete FFQs (40) , as well as those missing information on income, education, or occupation, were screened out of the study population. Individuals with a history of Parkinson disease, muscular dystrophy, or stroke were also excluded resulting in a final sample of 1099 participants of whom 179 were lost to follow-up. The potential impact of attrition was addressed by using the last-observation-carried-forward approach (41) .
Statistical analysis. Analyses were conducted by using SAS 9.1 (SAS Institute). Dietary patterns were identified by principal components analysis of FFQ exposures using PROC FACTOR and were orthogonally rotated using the ''varimax'' option. The number of factors retained for subsequent analyses was determined by considering eigenvalues (>1), the scree plot, and interpretability of the resulting patterns. FFQ exposures with factor loadings >0.155, representing the critical value for a correlation based on the sample size (n = 1099), were considered as substantial contributors. Dietary pattern scores indicating adherence of a participant to each retained dietary pattern were obtained for subsequent use in multi-adjusted models. Linear trends in the association between quintile categories of dietary pattern scores and selected covariates and nutrient intakes were identified by using general linear models for continuous variables or the Mantel-Haenszel x 2 statistic for categorical variables. The association between dietary patterns and cognitive function was assessed by using multiple-adjusted mixed models with a random intercept and an unstructured covariance structure in PROC MIXED. Time was coded as a continuous variable expressed as years since study entry. Covariates included in the adjusted model were identified as being associated with both diet pattern and 3MS scores during prescreening or were considered important on the basis of the literature. Like others, covariates were included with their interactions with time to account for potential effects on overall cognitive function and the rate of decline (3, 42) . Energy intake was included in the adjusted model so that the results could be interpreted as being independent of the absolute amount of food consumed. The parameter estimate (B) for dietary pattern score (diet) represented the association of dietary patterns with mean, or overall, cognitive performance throughout the follow-up period, and the estimate for a diet 3 time interaction represented the association with rate of cognitive decline over the follow-up period (i.e., slope). Positive estimates indicated that greater adherence to a dietary pattern was associated with greater mean cognitive performance or less decline during follow-up. To examine whether the impact of diet quality on cognition was dependent on SEP, each indicator of SEP was tested for an interaction with the dietary main effects (''diet 3 indicator'' and ''diet 3 indicator 3 time''). To understand the underlying relationships, statistically significant interactions were decomposed by testing for the dietary main effects in the upper and lower categories of the implicated socioeconomic indicators. For instance, statistically significant diet 3 indicator interactions led to examination of the association of dietary pattern adherence with overall performance in the implicated socioeconomic subgroup. Statistically significant diet 3 indicator 3 time interactions triggered similar tests for dietary impacts on overall performance, cognitive decline, and performance at recruitment in the implicated socioeconomic subgroup. Values in the text are means 6 SDs. Statistical significance was set at P < 0.05.
Results
Participant characteristics. There were 1099 participants at recruitment of whom 74, 31, and 74 were lost to follow-up at the second, third, and fourth annual visits, respectively. Mean unadjusted 3MS scores at baseline and at each subsequent annual visit were as follows: 94.0 6 4.3 (n = 1096), 93.0 6 5.5 (n = 997), 93.0 6 6.0 (n = 983), and 92.6 6 6.2 (n = 920). The unanalyzed group of participants excluded from the parent study (n = 694) differed from the analytic sample (n = 1099) at recruitment in that it contained more women and the individuals exhibited lower global cognitive function, had lower household income, and had attained fewer years of education (Supplemental Table 1 ).
Dietary patterns. Three patterns with eigenvalues >1 remained after examination of the scree plot. The first 2 patterns with the highest eigenvalues, accounting for 5.5 and 4.9% of the total variance, were retained for rotation because they were the most interpretable and distinct (Supplemental Table 2 ). The first, termed the ''prudent pattern,'' was associated with intakes of vegetables, fruits, fatty fish, lower-fat dairy products, poultry, and legumes. The second, termed the ''Western pattern,'' was associated with intakes of beef, potatoes, white bread, baked goods, processed meats, higher-fat dairy products, and salty snacks.
A comparison of dietary intakes across quintiles of dietary pattern score revealed linear trends that generally confirmed expectations based on the profile of foods comprising each pattern ( Table 1) . For instance, higher quintiles of the prudent pattern score were associated with greater energy-adjusted intakes of dietary fiber and vitamin C and a higher PUFA:SFA ratio, whereas the opposite was true of the Western pattern. Higher quintiles of the prudent pattern score were generally associated with better indications of health and SEP, whereas the opposite was true of the Western pattern (Table 1) .
Final models. When tested as main effects, higher adherence to the prudent pattern was related to better overall cognitive performance but was not associated with cognitive decline (Table 2) . Education, income, and composite SEP were statistically significant effect modifiers (Table 2) . After decomposing these interactions, it was revealed that adherence to the prudent pattern was related to higher 3MS scores at recruitment in the upper category of each indicator (education: B: 0.44; 95% CI: 0.080, 0.80; income: B: 0.56; 95% CI: 0.11, 1.01; composite SEP: B: 0.37; 95% CI: 0.045, 0.70) ( Table 3) . Furthermore, high prudent pattern adherence was associated with less cognitive decline in those with low composite SEP (B: 0.25; 95% CI: Table 3 ). These interactions are presented graphically in Supplemental Figure 1 . Greater adherence to the Western pattern was related to worse overall cognitive performance but was not related to cognitive decline when tested as a main effect (Table 2) . Education was a statistically significant effect modifier in the adjusted models (Table 2) . After decomposing these interactions it was revealed that adherence to the Western pattern was related to worse overall performance (B: 21.06; 95% CI: 21.65, 20.48) and more cognitive decline (B: 20.23; 95% CI: 20.43, 20.032) only in the lower education group (Table 3) . This interaction is presented graphically in Supplemental Figure 2 .
After using the last-observation-carried-forward method, the diet 3 composite SEP interaction for the prudent pattern was no longer statistically significant. Therefore, this interaction was considered an artifact resulting from loss to follow-up and was not explored further. There were no other material changes to the results displayed in Table 2 .
The statistically significant interactions seen in Table 2 were confirmed after converting diet quality into a categorical variable by classifying individuals into upper or lower categories of adherence to each dietary pattern on the basis of the median dietary pattern score (data not shown). The mean dietary pattern scores in upper and lower categories, and their associated variances, did not differ between socioeconomic groups (data not shown). In the case of the Western pattern, the diet-education interaction was confirmed after these conditions were met by excluding the top 5% of diet scores in the lower education group. Therefore, it was found that individuals with equivalent adherence to each dietary pattern were present within each high or low socioeconomic subgroup, and that the interactions in Table 2 did not merely reflect socioeconomic gradients in food selection.
Discussion
In this study the magnitude and characteristics of the dietcognition relationship depended on an individualÕs SEP. For instance, cognitive benefits of adherence to a prudent dietary pattern were seen irrespective of SEP but differed in their form such that higher adherence at recruitment was associated with less decline in those with low SEP, whereas it was associated with better performance at entry among those with high SEP. Alternatively, worse overall performance and more cognitive decline were associated with higher adherence to a Western dietary pattern at recruitment only in those with relatively low educational attainment. These interactions were not merely the product of socioeconomic gradients in diet quality because they reflected cognitive performance of individuals with dissimilar SEP but equivalent diet quality.
Several longitudinal studies have shown that indices of diet quality similar to the prudent pattern (containing vegetables, fruits, and fish) are associated with better cognitive function in older adults (2-7). To our knowledge, no longitudinal studies of cognition have examined analogs to the Western pattern (containing meats, processed foods, and high-fat dairy products), but its association with worse cognition is consistent with similar dietary patterns examined in cross-sectional studies (24, 43) . Like the current analysis, these studies have linked diet quality to late-life cognition, even after adjusting for health behaviors, chronic disease, and sociodemographic characteristics. This study is unique in the number of indicators examined and in its finding of effect modification. One crosssectional study determined that education attenuated the relationship between dietary patterns and cognition by acting as a strong confounder, but it did not find evidence for a dieteducation interaction or examine additional socioeconomic indicators (24) . It is unclear why the prudent pattern interacted with a broader set of indicators than the Western pattern, or why the interactions were restricted to specific dimensions of cognitive performance (decline vs. overall vs. entry). A number of factors, including the timing and/or duration of observation, as well as the specific nature of dietary and socioeconomic influences on cognitive function may have contributed to these differences. For instance, the impact of SEP on cognition has been linked to its influence on attaining peak performance in midlife, which may affect the timing and trajectory of subsequent declines in later life (10) . Further complicating the picture, some have found that slower cognitive decline in later life has been associated with upward mobility in SEP (9) , although such an association with diet has been shown to require consistently high diet quality starting at least from midlife (44) .
It is useful to study multiple socioeconomic indicators because they may work on cognition through distinct mechanisms. Income and education have been linked to increased access to healthenhancing goods, services, and knowledge, whereas occupational prestige may reflect psychosocial dimensions including the stress associated with being part of a discriminated class and levels of social support (45) . In this study, the composite indicator was used to examine the combined impact of simultaneously belonging to the most disadvantaged category of each indicator studied. Our results are consistent with studies that found additive impacts of multiple lifestyle factors including diet, smoking, and physical activity on cognitive function (25, 26) . In these studies, the proposed impact of lifestyle factors on cognition was unidirectional (i.e., high physical activity + nonsmoking), whereas the current study examined the combined impact of factors in which the independent effects on cognition may be in opposition (i.e., high education + low diet quality). We propose that these behavioral associations are consistent with the concept of cognitive reserve, which postulates that individual differences in lifestyle may allow for more successful accommodation of agerelated brain changes by protecting the amount of neural substrate or the efficiency of brain networks mediating performance (46) . These differences in cognitive reserve may arise from the previously suggested impacts of diet quality and SEP on brain plasticity. For instance, high adherence to the prudent pattern was broadly beneficial because it promotes neurobiological processes necessary for the development of reserve capacity. Conversely, the negative impact of the Western pattern could be offset by increased educational attainment, which is considered to be an important proxy of cognitive reserve.
This study may provide insight into situations in which SEP and its general influence on diet quality are mismatched. Such a mismatch is not inconceivable because a reasonably large proportion of individuals with low diet quality also have relatively high SEP, just as relatively high diet quality can be maintained by some individuals with low SEP (8, 47) . We hypothesize that interventions aimed at shifting dietary intake to better resemble the prudent pattern, and less resemble the Western pattern, would be most beneficial to those with relatively low SEP because these individuals collectively appear to be most sensitive to both the detrimental and beneficial impacts of diet quality.
The interpretation of these results is subject to some limitations. For instance, independent older adults without cognitive impairment at baseline were purposefully selected for participation, and the impacts of the dietary patterns were observed in a range of 3MS scores greater than those indicating substantive cognitive impairment. Consequently, these results may not be applicable to populations with lower levels of cognitive function. Because the 3MS provides a single measure of global cognition, we could not examine whether the observed associations were restricted to specific cognitive domains. Although we used multiple indicators reflecting both psychosocial and material dimensions of SEP, it could be useful to study additional indicators across the life course (i.e., wealth, household conditions, parental SEP) because upward mobility in SEP has been shown to impact cognition (9) . Differences between the analyzed and unanalyzed participants in income and education may have resulted in overestimated and underestimated associations of the prudent and Western patterns, respectively. The length of follow-up in the present study was relatively short compared with that in other studies of the dietcognition relationship, but this limitation would be expected to bias toward a null finding.
In summary, SEP altered the characteristics and magnitude of the relationship between diet quality and cognition. Because individuals within the same category of diet quality performed differently depending on their socioeconomic circumstances, it may be unrealistic to expect diet to act on cognition in isolation Examination (3MS) score over the entire follow-up period per unit increase in dietary pattern score. Estimates for ''Diet 3 time'' represent the annual change in 3MS score per unit increase in dietary pattern score. Positive estimates indicated that greater adherence to a dietary pattern was associated with better overall cognitive function or less decline during follow-up. Models were adjusted for the same variables as in Table 2 . B, parameter estimate; SEP, socioeconomic position.
from SEP. These results also suggest that interventions promoting retention of cognitive function through improved diet quality would provide maximum benefit to those with relatively low SEP.
